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INTRODUCTION 
It is generally accepted that a high proportion of 
human cancers are attributable to environmental agents, 
mainly environmental chemicals. The distribution of 
potential carcinogens in the environment is essentially 
ubiquitous. The human diet contains a variety of naturally 
occuring mutagens and carcinogens (1). The predominance of 
certain foods in some countries has been related to the 
incidence of certain types of cancers in their populations. 
Therefore, dietary mutagens have attracted considerable 
interest in the last decade and a number of studies on 
dietary practices in relation to cancer have been 
undertaken. These studies suggest that a greater intake of 
fibre rich cereals, vegetables, fruits and a lower 
consumption of fat rich products and excessive alcohol would 
be advisable '2, 3). Although quite a large number of 
dietary components have been evaluated in microbial and 
animal test systems, there is still a lack of definitive 
evidence about their carcinogenicity and mechanism of 
action. A majority of chemical carcinogens are known to form 
covalent adducts with DNA and there is a large body of 
evidence implicating DNA as a critical target in chemically 
induced cancer (4, 5 1. In order to understand carcinogenesis 
at the molecular level, it is essential to determine the 
conformational changes in the target macromo1 ecu Ies and 
relate these findings to possible aberrations in the 
functioning of modified macromo1 ecu 1es. Of late, there has 
been an increasing interest in oxygen radicals and lipid 
peroxidation as a source of damage to DNA and therefore as 
promoters of cancer (6 - 9). In addition, mammalian systems 
have evolved many defence mechanisms as protection against 
mutagens and careiongens, The most important of such 
mechanisms may be those against oxygen radicals and lipid 
perox idat ion. 
nutagens and Carcinogens in Huaan Food Products : 
It is obvious that food is a very complex substance to 
which humans are exposed. Most people perceive food 
substances of natural origin as free of risk. Such 
acceptance is larg-ely based on faith because our objective 
knowledge on this topic is relatively poor. A large number 
of chemicals are synthesized by plants, presumably as 
defence against a variety of invasive organisms such as 
bacteria, fungi and insects (12 - 15). The number of these 
toxic chemicals is extremely large and new plant chemicals 
are being continuously discovered (16, 17). It has been 
known for many years that plants contain carcinogens and a 
number of edible plants have demonstrated experimental 
carcinogenic activity for several species and varius 
tissues. Wide spread use of recently discovered short term 
tests for detecting mutagens (18, 19) and a number of animal 
cancer tests on plant substances have contributed to the 
identification of many natural mutagens and carcinogens in 
the human diet (12), The search for genotoxic compounds in 
processed and unprocessed food has uncovered several classes 
of clastogens, mutagens, recombinogens and carcinogens. 
These compounds belong to a few chemically well defined 
classes including polycyclic aromatic hydrocarbons (20), 
nitrosamines (21), nitrosamides (22), Safroles (23), 
thiazo1 idines (24), 1,2-dicarbonyI compounds (25), pyrazines 
(26), flavonols (27), pyrroIizidine alkaloids (28), 
pyrolysis products (29) and furans. 
A number of furans, such as 2-methy 1furan, 2,5-
dimethy1furan, furfural, 5-methyIfurfura1 and 2-
fury1methyI ketone are found in numerous food products 
including meat, milk products, various nuts, tea and coffee 
(10). Stich et. a_l_ (11) have reported that these furans 
induced relatively high frequencies of chromatid breaks and 
chromatid exchanges when they were exposed to cultured 
Chinese hamster ovary (CHO) cells in the absence of a liver 
microsomal preparation. The clastogenic doses of many of the 
furans were relatively high (100-3900 ppm), whereas the 
concentration in food products were relatively very low. 
However, Stich e_t^  a_I_ (11) cautioned that the furans are not 
the only genotoxic chemicals in the complex mixture of 
heated, roasted or boiled food products and even if the 
furans do not pose a serious health hazard by themselves due 
to their smal1 amounts in most food items, they may 
contribute significanr1y to the total genotoxicity of many 
consumable foods and beverages. 
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Formation of Furans : 
Furans are considered to arise in heated and processed 
foods through thermal degradation of carbohydrates or 
ascorbates (Carame1ization) or through the non-enzymatic 
reaction of heating of sugars in presence of amines 
(Maillard reaction). 
CarameIization and Maillard reactions are two important 
pathways in the non-enzymic browning of food. Enolization, 
dehydration, fragmentation and polymerization are reaction 
segments for the creation of volatile aromatic compounds, 
intermediate non-volatile compounds and brown pigments 
called melanoidins (30). 
Caranelization 
•In Carame1ization in aquous systems, reducing sugars 
are decomposed in the absence of amines. The first chemical 
event in Carame1ization involves the formation of 1,2-
enediol by abstraction of the hydrogen atom on C-2 of a 
sugar molecule by a base to produce a hybrid monoanion. The 
monoanion may produce either a cis or a transenediol 
depending on the substrate sugar. The next step stems from 
the dehydration of the 1,2-enediols by — 
i) Elimination of H and OH groups from the a & 6 carbon 
atoms adjacent to each carbonyl group to form a 
conjugated, a,B-unsaturated carbonyl compound called 3-
deoxysone <Fig. lA). 
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ii) Elimination of H and OH groups on C-3 and C-4 to form 
3-deoxyg1ucosone-3,4-en© (Fig, IB). Finally cyclization 
occurs with a loss of water molecule to form a furfural 
compound. 
naiillard or Carbonylaaine Reaction 
Mail lard reaction in aquous systems involve the 
degradation of carbonyl compounds, particularly reducing 
sugars in presence of amines such as amino acids in the free 
peptide and polypeptide forms. In the first step of the 
Mail lard reaction, an amino acid condenses with a reducing 
sugar to form a schiff's base (imine) that undergoes 
cyclization to N-substituted g1ycosy1 amine (Fig, IC), 
Subsequently, gIycosyI amine is converted to 1,2-
eneaminol that is transformed to N-substituted 1-amino-l-
deoxy-2-ketose. The transformation of the g1ycosy1 amine to 
the ketosamine is known as the Amadori rearrangement, 
Amadoriketose compounds have been identified in several 
foods, 
The major pathway of the Mail lard reaction (Fig. ID) 
leads from the 1,2-eneamino 1 to 3-deoxyhexone intermediate. 
5-Hydroxymethy1 furfural and 5-methyl furfural are formed by 
the dehydration of 3-deoxyhexone. 
Occurence of Furarns in Various Food Systens i 
The major food systems in which furans have been 
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Fi(. 1 D: Sugar-aiine Nail lard reactions 
identified are as follows. The information is mainly derived 
from an excellent review by Maga (31). 
i) Nonalcoholic Bevsrages : 
Cocoa, coffee and tea represent some of the food 
systems that have been shown to contain numerous furans. 
Furfural is found in all the three non-alcoholic beverages 
viz. cocoa, coffee and tea. However, it should be noted that 
furans have been found in both green and roasted teas. 
Yamanishi e_t aj_ (32) demonstrated that furan content was 
generally higher after roasting tea, as compared to green 
tea. The only exception was the level of 5-methyl furfural, 
which was found to be lower after roasting. Some of the 
furans identified in non-alcoholic beverages are mentioned 
be 1ow : 
Furans identified in Coffee — 
Furans identified in Cocoa 
Furans identified in tea 
Furan 
Furfural 
Benzofuran 
2-Furfura1 
2-(2'-furyl)-pyrazine 
Methyl furcate 
Furfural 
Furfuryl alcohol 
2-{2*-furyl) pyrazine 
ii) Alcoholic Beverages : 
Furans have also been identified in alcoholic 
beverages such as beer, rum and wine. 
Product 
Beer 
Furfural 
Furf ura1 
5-Methyl-2-furfural 
2-Acetyl furan 
Rum Furfural 
5-Methylfurfural 
2-AcetyIf uran 
Wine 2-Furfural 
5-Methyl-2-furfural 
Ethyl-2-furoate 
A large number of furans were detected by Liebich 
et al . (33> from Jamaica rum. Among which some furans were 
present in extensive amounts. For example the concentration 
(in ppm) of furfural was found to be 25. 
Fruits : 
The types of fruits from which furans have been 
identified has not been extensive but in some fruits furans 
make up the major volatile composition. A series of five 
furans were among the 61 compounds identified in tamarind by 
Lee e^ aj. (34). Their sensory properties indicated that 
furans contributed significantly to the aroma of tamarind. 
Hybrids of raspberry and arctic bramble have also been shown 
to contain volatile furans. 
Fruit 
Grapes 
Mango 
Orange juice 
Tamar ind 
Arctic bramble 
Furan 
2-PentyIfuran 
2-FurfuraI 
5-Methylfurfural 
2-Furf ura1 
2-Hydroxymethy If urf ural 
2-FurfuraI 
5-Methy I furfural 
2,5-Dimethyl-4-hydroxy-2, 
3-dihydro--3-furanone 
Meat and Poultry Products : 
Recent research relative to furans has been due 
primarily to numerous reports that furans can significantly 
contribute to meat flavor. A rather limited number of furans 
have been isolated from cooked chicken, while only 
pentylfuran has been identified in chicken broth. A total of 
23 furans were among the 179 compounds identified in 
pressure- cooked pork liver. They represented approximately 
28% of the volatiles measured. To date, this represents the 
largest number of furans reported in a meat source. Some of 
the furans identified in meat and poultry products are given 
below : 
Food 
Cooked chicken 
Furan 
Furan 
2-Methy1furan 
Cooked Pork liver 2-Furfural 
5-Methyl-2-furfural 
2-Methy1furan 
Milk Products : 
Furfural was originally identified by Parks and Patton 
(35) in dry whole milk and it has been found by other 
researchers in dehydrated dairy products. As seen below a 
rather extensive number of furans has been found in whey 
powders. Most shown have been found in whey powder that had 
undergone non-enzymatic browning. 
Milk Product Furan 
Dry whole milk 2-Furfural 
Whey Powder 2-Furfural 
5-Methyl-2-furfural 
2,2'-Bifuran 
Furfuryl propionate 
Furfuryl acetate 
Stale non-fat dry milk 2-furfuryl butyrate 
Casein Furfural 
Methy1 furfural 
Oilseed Products 
Several different oilseeds have been reported to 
contain furans among their volatiles. Numerous furans have 
been identified in various soy products. For example Wilkens 
and Lin (36) found several furans in deep-fat-fried 
soybeans. 
10 
Vegetables : 
Relatively few furan derivatives have been found in 
vegetables, but the types of vegetables from which they have 
been isolated and identified is quite varied, as is shown 
be 1ow : 
Veeetable 
Asparagus 
Potato Cooked 
Peppers 
Onion 
Furans 
2-Furfura1 
5-Methy1-2-furfural 
2-Furfural 
2-MethyIfuran 
2-Buty1furan 
2-Furfura1 
2-Penty1furan 
Dimethy1furan 
Sensory Properties : 
The primary interest in furans to the food chemist is 
their sensory properties. Thus, numerous investigators have 
reported upon this interesting area. Based on the volatiles 
found in tamarind Lee e_t a_l_. (34) concluded that furans 
contribute significantly to its overall aroma. The rather 
primitive state relative to furan sensory-descriptive 
terminology can be appreciated by viewing the descriptive 
phrases reported in the literature for furans as the 
following table indicates. 
1 1 
Organoleptic descriptions reported for various Furans : 
Compound 
Furan 
Furfural 
5-Methylfural 
Furfuryl alcohol 
Descr i pt ion 
Sickly, nasty smelling 
Ethereal 
Rotten 
Sweet, cream like flavor 
Penetrating odor 
Sweet, cream like flavor 
Bitter taste 
Coconut 
Burnt potato 
Undoubtedly some of the contrasting terms reported for 
theoretically the same furan is due to the concentration of 
the compound evaluated. In any event, the wide range of 
sensory properties that furans possess is quite apparent. 
Evans £t_ a_l_ (37) attempted to determine the odor thresholds 
of various flavoring compound classes which were added to 
bland cotton seed oil. They defined odor threshold as the 
concentration at which 50X of their 15 to 18 member panel 
could detect an odor difference from a control. Varying 
concentrations of the compounds in question were added to 
7.5 ml of freshly deodorized cotton seed salad oil. Sampling 
was done in 150 ml beakers covered with watch glasses. The 
samples were presented to the panel after being warmed to 
BS^C, which would make the furans in question quite 
volatile. Odor thresholds obtained by this technique for a 
number of substituted furans are shown below : 
i 2 
Furan Odor thresholds in cottonseed oil 
Furan 
2-Butyl furan 
2-Ethyl furan 
2-Propyl furan 
2-Methyl furan 
2-PentyIfuran 
2-VinyIfuran 
Odor threshold (ppm) 
10 
8 
6 
2.7 
2 
1 
As can be seen, 2-vinylfuran had the lowest odor 
threshold of the furans evaluated. Due to reports that 2-
pentylfuran was responsible for the reverted flavour of 
Soybean oil Evans e^ a 1 . (37) added increasing amounts of 
this compound to cttonseed oil and recorded the resulting 
flavor responses. On this basis the authors concluded that 
2-pentyIfuran is not unique to aged soybean oil because its 
addition to cottonseed oil produced similar organoleptic 
responses. 
CHO CHO 
Fig. 1 E '. Structure of some furans 
(a) Furan (b) Fur fura l 
(c) Methy l fur fura l 
SCOPE OF THE WORK PRESENTED : 
As sister chromatid exchanges and chromatid breaks 
induced by furans do not require a microsomal activation 
preparation, it is indicated that they may directly interact 
with cellular DNA without melataolic activation. Earlier work 
in this laboratory has shown that furfural and 
methy1furfuraI (Fig. IE) cause strand breaks and primarily 
react with AT sequences in double stranded DNA, These 
results were obtained by using an alkaline unwinding assay 
with calf thymus DNA and experiments involving protection of 
cleavage sites in lambda phage DNA from the action of 
various restriction enzymes (41, 42). 
It was further established that a minimum of 3-4 
consecutive AT basepairs are required for this reaction. 
This was determined by the use of restriction enzymes whose 
hexanuc1eotide recognition sequences contain subsets of AT 
basepairs. In the case of methy1furfura1, indirect evidence 
further suggested that modification of DNA bases and 
phosphates may also occur. 
The experiments described in this dissertation extend 
the above studies to a cellular system. For this purpose 
bacteriophage lambda and the E.co1 i-p i asmid pBR322 
transformation system has been used. The essential aim has 
been to determine whether the observations made jji vitro are 
also applicable i n vivo. The following specific objectives 
are aimed at 
i ) 
i i ) 
To determine whether the damage to AT basepairs by 
furans is repaired in E.co1i. 
To determine whether modification of plasmid DNA 
by furans results in DNA rearrangements on 
transformation in E.coli. 
EXPERIMENTAL 
MATERIALS 
Chem icaI 
Agar-agar 
Agarose 
Ampic i1 1 in 
B i o t i n 
Bovine pancreatic RNase 
Bovine Serum Albumin 
Ethidium bromide 
Furfural 
Lambda DNA 
5-Me thy 1f urf ura 1 
Nutrient broth 
pBR322 plasmid DNA 
Source 
H i-Med ia, India 
Sigma, USA 
Ranbaxy, India. 
Nutritional Biochemical 
Corporation, USA 
Sigma, USA 
Sigma, USA 
CSfR Centre for BiochemicaIs, 
India 
Aldrich Chemical Co., USA 
Isolated and purified according 
to Maniatis et_ aj, (1982) 
Sigma, Chemical Co,, USA 
H i-Med ia, I nd ia 
Isolated and purified according 
to Maniatis et al (1982) 
Restriction Endonucieases 
EcoR 1 
Pst I 
St reptomyc i n 
Te t racyc1 i ne 
Tha i mi ne 
CSIR Centre for Biochemica1s, 
1 nd ia 
Pharmacia, USA 
IDPL, India 
Ranbaxy, Ind ia 
BDH, India 
Bacterial Strains 
Strain 
designation 
Chromosomal markers Source 
E.coli K-12 Strains 
AB1157 thr-1. ara-14, leu B6. 
lac Yl. tsx-33. Sup E44, 
gal K2. A"", rac-. rfb Dl. 
mgl-51. rps L31. Kdg K51. 
xy1-5. mt1 - 1. arg E3 (Oc), 
thi-1. 
Barbara J. 
Bachmann, USA. 
E.coli Genet i c 
Stock Centre, 
Deptt. of Biol-
ogy, 2550ML, Yale 
Uni vers i ty, P.O. 
Box 6666, New 
Haven, CT 06511-
7444. 
AB2463 thr- 1. ara- 1A, 1eu B6. 
lac Yl. tsx-33. Sup E44. 
gal K2. A""» rac~. his G-4, 
rec A13, rbs L31. rfb Dl. 
Kdg K51. xyl-5. 
arg E3. thi-1. 
mtl-1 
Barbara J . 
Bachmann, USA. 
E.coli Genetic 
Stock Centre, 
Deptt. of Biol-
ogy, 2550ML, Yale 
Univers i ty, P.O. 
Box 6666, New 
Haven, CT 06511-
7444. 
HBlOl 
1±, 
Sup E44. Sup F58. Lsd s20 
(rg mg ), rec A13, ara-
pro A2. lac Yl. gal K2. 
rps L20. xyl-Smtl 1 - 1' 
Sr ivas tava, B.S, 
CDRl, Lucknow 
HBlOl (pBR322) Sup E44. Sup F56. Lsd s20 
(rg mg ) , rec A13. ara-14. 
pro A2. lac Yl. gal K2. 
rps L20. xyl-Smtl1-1 
KL403 ara-14. 1eu_B6. lac 236. 
pro C32. \ - , his F860. 
thy A54. rps E2115. 
rps L109. mal A38. xyl-5. 
mtl-1. pol Al. thi-1 
Sr ivastava, B.S , 
CDR1, Lucknow 
Barbara J. 
Bachmann, 
E.CO 1i Genet i c 
Stock Centre, 
Deptt. of Biol-
ogy, 2550ML, Yale 
University, P.O. 
Box 6666, New 
Haven, CT 06511-
7444. 
17 
AB1886 uvr A6, 
thr-1. 
his G4, 
thi-1. 
leu B6, 
lac Yl, 
are 
pro 
, F , 
E3. 
A2, 
S t r , 
E.coli Genetic 
Stock Centre, 
Deptt, of Biol-
ogy, 2550ML, Yale 
University, P.O. 
Box 6666, New 
Haven, CT 06511-
7444. 
TAIOO 
TA102 
Ames Strains 
uvr B, his G-46, bio, rfa, 
R-factor plasmid- pKMlOl 
Ames, B.N., USA 
rfa, R-factor plasmid-pKniQl, Ames, B.N., USA 
multicopy plasmid- pAQl 
containing his G-428 
auxotrophic marker and tet 
The strains of phage lambda 
tabulated as under : 
Strain designation 
Ac or A 
A V 1 r 
used in this study are 
Descr ipt ion 
Wild-type strain. It forms turbid 
plaques on all the E.coli K-12 strains. 
Virulent strain. Contains an absolute 
defective mutation in the immunity 
region and, therefore, forms clear 
piaques. 
lb 
METHODS 
Maintenance and Growth of Bacterial Strains : 
Each strain of E.coli was streaked on a nutrient agar 
plate. A single colony was picked up and repurified by 
streaking. Likewise each strain of Sa1mone1 t a typh imur ium 
was streaked over master plates. A single colony was picked 
up and repurified by streaking over fresh master plates. The 
culture was tested on the basis of associated genetic 
markers raising it from a single colony from the master 
plate. Having satisfied with the test clone the culture was 
raised and streaked on nutrient agar and minimal (in case of 
S^. typh imur ium) slants. It was then allowed to grow over 
night at 31°C and stored at A°C Every month cultures were 
transferred on fresh slants. 
Preparation of Bacteriophage Laabda Stock : 
Phage stocks were prepared on plates by confluent lysis 
method (38). Phage lambda was obtained from isolated 
plaques streaked on agar plates. Bacteria from exponential 
2 + 
culture were harvested and resuspended in Mg solution. 0.3 
ml of AB1157 host cells were infected with phage lambda. 
Adsorption was allowed for 20 min. at 37"*C and plated with 
3.0 ml of molten soft agar. Plates were then incubated at 
37°C til! confluent lysis was visible to naked eye. The soft 
agar coi taining phage lambda was scraped with the help of 
MgS04 solution. 1% chloroform was then added to it and the 
agar was beaten by gentle vortexing. Phage lambda was 
obtained in the supernatant by centrifugation of the lysate. 
The phage stock thus obtained was titred and stored over few 
drops of chloroform at A'C, 
Bacterial Transforaation : 
Competent cells were prepared according to Maniatis e_t 
a 1 (38). All operations were performed at 4°C and all 
buffers used were sterilized by autoclaving. An overnight 
culture of HBlOl was centrifuged at A^C at 4000 rpm for 5 
min. Supernatant was discarded and the bacterial pellet was 
resuspended in half of the original culture volume of an ice 
cold solution of 50 mM CaCl2 and 10 mM Tris CI (pH 8.0). 
Cell suspension was placed on an ice bath for 15 min. and 
then centrifuged at 4000 rpm for 5 min. at 4*C. Supernatant 
was discarded and the cells were resuspended in 1/15 of the 
original volume of an ice cold sterile solution of 50 mM 
CaC12 and 10 mM Tris CI (pH 8.0). For each transformation 
reaction 80 ng of DNA in IE buffer <0.01 M Tris H O , pH 7.5, 
0.1 mM EDTA) was added to 0.2 ml of competent cells. The 
mixture was stored at O^C for 30 min. The cells were given a 
heat shock at 42''C for 3 min. 0.8 ml of L broth was added to 
each reaction tube and the tubes were incubated at 37°C for 
30 min (Tetracycline selection) or 1 hr. (Ampiciiiin 
se1ect i on). 
Plasnid Isolation 
ninipreparation of Plasaid DNA : 
Plasmids were isolated from transformed cells in 
minipreps essentially according to Maniatis e_t_ a_L (38), A 
culture of the transfortnants was grown overnight at 37°C in 
nutrient broth in presence of respective drugs (Ampicillin 
50 iig/ml + Tetracycline 10 jjg/ml). A 1.5 ml of culture was 
taken in an eppendorff tube and pelleted in a microfuge. The 
pellet was resuspended in 100 ja 1 of lysis buffer (50 mM Tris 
CI, pH 8.0, 10 mM EDTA and 50 mM Glucose) and kept for 5 min 
at room temperature. This was followed by the addition of 
alkaline SDS solution (1* SDS in 0.2 N NaOH), The suspension 
was incubated at 0°C for 5 min. 150 jal of 3 M Potassium 
acetate buffer pH 5.5 was added and the suspension was 
incubated at 0"C for 5 rain. The suspension was centrifuged 
for 5 min and the supernatant was transferred to a fresh 
tube, RNase A solution was added to a final concentration of 
20 Mg/tnl. The solution was incubated at 37''C for 20 min. An 
equal volume of distilled tris buffer saturated phenol was 
then added and the suspension was centrifuged for 30 sec. 
The aquous phase was transferred to a fresh tube. 2.5 
volumes of absolute ethanol was then added and the DNA 
precipitated overnight at -4°C. The DNA pellet was 
centrifuged for 5 min. The pellet was rinsed with 1 ml of 
70X ethanol and centrifuged for 2 min. The supernatant was 
discarded and the pel let was dissolved in 16 \il of deionized 
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H2O, mixed well and centrifuged for 30 sec. 4 >i 1 of 4 M NaCl 
was then added alongwith 20 >i 1 of 13X PEG. The suspension 
was mixed well and incubated on ice for 20 min. The 
suspension was centrifuged for 10 min, supernatant was 
removed and the pellet was dissolved in 1 ml of 70X ice cold 
Ethanol. The suspension was centrifuged for 5 min. and the 
pellet dried after removing the ethanol. The pellet was 
dissolved in 20 nl of TE buffer. Aiiquots of this solution 
were used for the determination of the relative size of the 
plasmid and for restriction enzyme digestions. 
Restriction Analysis of the Plasaids Isolated froa the 
Transforaants and Agarose Gel Electrophoresis : 
0.5-1.0 jjg of plasmid DNA samples isolated from the 
transformants were digested in 20-30 pi of the appropriate 
buffer with restriction endonuc1 eases which were present in 
an 8-10 fold excess of the units required for complete 
digestion. A stop solution was added to a final 
concentration of 0.IX SDS, lOX sucrose and 0.05% bromophenol 
blue. The samples were then e1ectrophoresed on 1 or 1.4% 
agarose gel (Electrophoresis buffer 40 mM Tris-HCl pH 7.7, 
20 mfl sodium acetate, 2 mM EDTA) , stained for 30 min. in 0.5 
pg/ml ethidium bromide, destained in electrophoresis buffer 
for 10 min and photographed under ultraviolet light. 
A B S B Testing Systen : 
The mutagenic activity of furfural was detected by Ames 
testing system using specially constructed mutants of 
Salmone1 1 a typhimur ium viz. TAIOO and TA102. The test 
measures back mutation in the specially constructed mutants 
of Sa1monel 1 a. The test has been adopted for use in 
detecting chemicals which are potential human carcinogens or 
mutagens by adding homogenates of rat liver (or other 
mammalian tissue) directly to the petri-plates as an 
approximation of mammalian metabolism into the i_n^  vitro test 
{40> . This test is also instrumental in understanding the 
primary events of the carcinogenic process initiated by 
chemicals. The compounds are tested on petri-plates for 
causing reversion from a histidine requirement back to 
prototrophy by a variety of mutagens (40), 
Several histidine- requiring mutants in the standard 
set of Salmone1 1 a tester strains have G-C base pairs at the 
critical site for reversion e.g. -C-C-C- in the base-pair 
substitution strain, TAIOO, -C-C-C-C-C-C- in the frame shift 
tester strain, TA97a and -C-G-C-G-C-G-C-G- in the frame 
shift tester strain, TA98, However, TA102 and TA104 have AT 
basepairs at the critical site for reversion. These strains 
detect a variety of oxidants and other agents as mutagens 
which are not detected in the standard tester strains. 
Modia For Anes Strains : 
Medium for master plates and slants : 
The composition of the medium per litre for Ames tester 
strains to prepare master plates and slants is as under : 
Sterile 50 x VB Salts 
Ster i1e Agar 
Sterile 40% glucose 
Sterile histidine.HCI.H2O 
(2 g per 400 ml H20> 
Sterile 0,5 luM biotin 
Sterile ampicillin solution 
(8 mg/ml 0.02N NaOH) 
Sterile tetracycline solution 
(8 rag/ml 0.02 N HC1 ) 
«« 
20 ml 
150 g per 910 ml 
50 ml 
10 ml 
6 ml 
3. 15 ml 
0.25 ml 
«« Tetracycline was added only for use with TA102 which is 
tetracycline resistant. 
Stock solutiion of Vogel Bonner (VB) Salts was prepared 
using the following ingredients. 
f1gSQ4.7H20 0.2 g/1 
Citric acid monohydrate 2.0 g/1 
K2HPO4 (anhydrous) 10.0 g/1 
NaHNH4 PO4.4H2O 3.4 g/1 
The salts were added in the order indicated to warm 
distilled water and each salt was allowed to dissolve 
completely before adding the next. The solution was then 
autoclaved for 20 min at 121°C. 
Minimal glucose plates for mutagenicity assay : 
Steri1e VB Salts 20 m1 
Sterile 40* glucose 50 ml 
24 
star iIe agar 15 g/930 ml disti1 led 
water 
30 ml of the above midium after melting was poured over 
each plate. 
Top agar for mutagenicity assay : 
The top agar contained 0.6% agar and 0.5% NaCl. 10 ml 
of sterile solution of 0.5 mM histidine. HCl/0.5 mM biotin 
was added to the molten agar and mixed thoroughly by 
swirli ng. 
0.5 roM histidine/biotin soiution for mutagenicity assay ; 
D - Biotin 30.9 mg 
L - Histidine.HCl 24.0 mg 
Distilled Water 250.0 ml 
Dissolve the biotin by heating the water to the boiling 
point. Then mix histidine to it. Autoclave for 20 min at 
121»C. 
Media for E,Coli K-12 Strains : 
Nutrient broth (13 g/1); Nutrient broth obtained from 
Hi-media (India) had the following composition : 
Peptone 
NaCl 
Beef extract 
Yeast extract 
pH (approx) 
5 g/l 
5 g/l 
1.5 g/l 
1.5 g/l 
7.4 ± 0.2 
Nutrient agar (Hard agar) : 
Nutrient broth 13 g/1 
Agar Powder 15 g/1 
Soft agar ; 
The composition of soft agar is as follows 
Nutrient broth 13 g/1 
Agar Powder 7 g/1 
RESULTS 
1. Effect of treatBont by furfural on transfornation 
capacity of pBR322 : 
The plasmid pBR322 provides two selectable genes, viz. 
ampicillin and tetracycline, which confer resistance to the 
antibiotics ampicillin and tetracycline respectively in an 
E.Coli host. Fig. 2 shows an experiment where plasmid DNA 
was incubated with increasing concentrations of furfural for 
2 h at 37*C. Competent E.Coli HBlOl cells were transformed 
using this reaction mixture. Transformation capacity of 
treated pBR322 to transform E.Coli to Amp, Tet and Amp plus 
Tet resistance was determined. The experiment also included 
a control where plasmid. DNA was incubated without furfural. 
Loss of transformation follows a similar pattern with 
respect to both amp and tet resistances either alone or when 
selected for together. However, the rate of loss of 
transformation with respect to tet resistance is somewhat 
greater at all concentrations of furfural. 
The loss of pBR322 transformation capacity was also 
studied as a function of time of incubation with furfural. 
As seen in Fig. 3, the loss of transformation is not linear 
but follows an initial lag period. However, as in Fig. 2 it 
is seen that Tet resistance is lost with a higher rate than 
Amp resistance. The kinetics of the loss of Amp resistance 
was also studied at two different concentrations of furfural 
and as seen in Fig. 4 the initial lag period was again 
observed and the rate of loss was not a linear funct^xaQi 
Fig. 2 Loss of pBR322 transformation capacity with 
increasing concentrations of furfural. 
100 ng of pBR322 in 100 ^1 TE was incubated for 2 
h at 37"C with different concentrations of 
furfural, Aliquots of competent cells of E.coli 
Strain HBlOl were transformed with these reaction 
mixtures. Cells were plated onto Amp (50 >jg/ml, 
• ), Tet (10 jag/ml, o) and Amp + Tet (*) 
supplemented nutrient agar plates and the colonies 
were counted after overnight incubation at 37°C. 
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Fig, 3 Loss of pBR-322 t ransf ormat ion capacity with time 
after incubation with 10 mM furfural. 
Plasmid DNA was treated with furfural as given in 
Fig. 2. At the end of the indicated times of 
incubations the reaction mixtures were added to 
aliquots of competent cells. Cells were plated 
onto Amp ( • ), Tet ( o ) and Amp + Tet ( * ) 
supplemented nutrient agar plates and the colonies 
were counted after an overnight incubation at 
37<>C. 
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Fig, 4 Loss of pBR322 transformation capacity with time 
after incubation with 0 mM < « ), 10 mM < o ) and 
20 uiM \ m ) furfural. Other conditions vere the 
same as in Fig. 3. Cells were plated onto Amp 
supplemented nutrient agar plates (50 ng/nil) and 
colonies were counted after overnight incubation 
at 370c. 
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In an earlier report it was shown that treatment of 
lambda phage DNA with furfural protected its cleavage by 
restriction endonuclease EcoRI (Al), This was considered due 
to the presence of four consecutive AT basepairs in the 
hexanuc1eotide recognition sequence of EcoRI (G/AATTC). In 
order to establish that in the experiments described above 
the pBR322 DNA had reacted with furfural, the experiment 
shown in Fig. 5 was done. As seen on furfural treatment 
supercoiled plasmid DNA is not linearized by EcoRI 
indicating the structural alteration such as strand 
cleavage in the single EcoRI site in pBR322. 
Amp resistant colonies were tested for simultaneous 
expression of Tet resistance. Conversely colonies obtained 
on tetracycline plates were also tested for simultaneous 
r 
expression of ampicillin. Eight hundred and fifty Amp and 
r 
Tet colonies were examined. To our surprise no colonies 
r s s r 
were detected that were Amp Tet or Amp Tet . Possibly 
this is explained by the fact that the rate of inactivation 
of Amp and Tet markers is quite similar. Alternatively, the 
furfural induced strand breakage in plasmid DNA is readily 
repaired on transformation. 
Exclusively AT sequences melt at temperatures 
considerably lower than Tm of DNA (43). Therefore, at 
relatively higher t eir.per a t ur es the extent of reaction of 
furfural with DNA should be enhanced. pBR322 DNA was treated 
Fig, 5 Effect of furfural treatment on EcoRI digestion of 
PBR322 DNA. 
1.6 yg of pBR322 DNA in 30 ^1 of TE was incubated 
with 10 mM (lanes 4 & 5) and 20 mM (lanes 7 & 8) 
concentrations of furfural for 2 h at 37*'C. Lanes 
1 & 2 represent pBR322 DNA alone incubated without 
furfural and pBR322 DNA-EcoRI digest respectively. 
Furfural was removed by dialysis on a millipore 
filter disc and 0.4 ^g DNA samples (lanes 5 &< 8) 
were digested with EcoRI. 

with furfural at increasing temperatures before determining 
the transformation capacity. The results given in Fig. 6 
show that with increasing temperatures of reaction a 
decreased transformation capacity is observed. 
Stretches of AT base pairs in DNA are considered to 
possess partial single stranded character due to their low 
melting nature (43). The presence of a higher ion strength 
should have a stabilizing effect on such structures and 
under these conditions the extent of reaction with furfural 
should be reduced. This was tested in the experiment shown 
in Fig. 7. It is seen that when pBR322 is treated with 
furfural in the presence of 0.05, 0.1, 0,2 and 0.33 M NaCl 
the transformation capacity is progressively increased. 
As mentioned earlier (p. 14) methy1furfura1 or 5-
methyI-2-fura1dehyde also reacts with double stranded DNA in 
a fashion similar to furfural. In addition modification 
(possibly alkylation) of DNA bases may also occur. It was 
thus, of interest to compare the rate of inactivation of 
pBR322 DNA by these two furans. Fig. 8 compares the 
transformation capacity of the plasmid DNA after reaction 
with increasing concentrations of furfural and 
me thy Ifurfura1. Although both the compounds follow the same 
pattern of inactivation, the degree of toss of 
transformation capacity with me thy Ifurfura1 is somewhat 
greater. This would be expected from the taifunctional mode 
of action of me thy 1furfura1 on DNA. 
Fig. 6 Loss of pBR322 transformation capacity with 
increasing temperatures of treatment with furfural 
(10 mM) of plasmid DNA. 
Composition of reaction mixtures was as described 
in Fig. 2. After transformation cells were plated 
on Amp. supplemented nutrient agar plates and the 
colonies were counted after overnight incubation 
at 370c. 
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Fig. 7 Furfural treatment of pBR322 in presence of NaC1 
and its effect on transformation capacity. 
The reaction mixtures of plasmid DNA and furfural 
contained NaCl at indicated concentrations. 
Transformation and plating on Amp. supplemented 
plates were as described in previous experiments. 
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Fig. 8 A comparision of the loss of pBR322 transformation 
capacity on incubation with furfural ( • ) and 
methy1furfura1 ( o ). Both the furans were used in 
similar concentrations indicated in the figure-
Cells were plated on Amp. supplemented plates. 
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2. Structural changes in PlasBids isolated fro« the 
transformants : 
pBR322 DNA was treated with 1.0 mM furfural and after 
transformation in E.Co 1i as described above five 
transformants were selected and the plasmid DNA isolated in 
minipreps. The plasmid isolates were designated pBRATl 
pBRATS. In order to examine the structural changes in the 
plasmids they were e1ectrophoresed on a 1.0% agarose ge! 
alongwith EcoRl digest of lambda DNA and pBR322 DNA as 
markers and untreated control respectively. As seen in Fig. 
9A all the plasmid isolates were considerably larger in size 
than pBR322. Further, it was of interest to examine whether 
the EcoRI recognition sequence, which contains four 
consecutive AT base pairs and therefore, is acted upon by 
furfural, is altered in the transformed plasmids. As seen in 
Fig. 9B in all cases an ethidium bromide stained smear 
representing heterogeneous sized fragments is obtained. The 
results of these experiments indicate that furfural treated 
pBR322 on propagation in E.Co 1i results in rearrangement of 
DNA giving rise to much larger molecules. Such rearrangement 
is presumably possible on double stranded breakage of DNA by 
furfural. However, single strand breakage in G/AATTC 
sequence is faithfully repaired as indicated by cleavage of 
transformed isolates by EcoRI. 
The above results indicated that the propagation of 
pBR322 treated with 1.0 mM furfural results in the formation 
Fig, 9A Agarose gel 91octrophoresis of the plasmids 
isolated from E.coli HBlOl cells transformed by 
pBR322 treated with 1 mM furfural. 
Treatment of DNA and transformation is described 
previously. Plasmid DNA was isolated from five of 
the transformants in minipreps and run on 1.0% 
agarose gel alongwith phage lambda-EcoRl digest 
(lane 1), pBR322 (lane 2). Lanes 3, 4, 5, 6 and 7 
are the isolated plasmids. 
Fig. 9B EcoRl digestion of the plasmids isolated from the 
transformants. 
Plasmids isolated from the transformants were 
digested with EcoRl. Lane 1, untreated pBR322; 
lanes 2 and 3 cleavage patterns of phage lambda 
DNA and pBR322. Lanes 4, 5, 6, 7 and 8 are 
cleavage patterns of isolated plasmids with EcoRl. 
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of much larger sized plasmids possibly through splicing of 
fragments generated by furfural treatment. Therefore, a 
similar series of experiments was done using 0.1 mli 
furfural. The experiment given in Fig, lOA shows that this 
treatment gives rise to transformants containing plasmids 
smaller in size than pBR322 possibly containing a deletion. 
This is confirmed by linearization of these plasmids by 
EcoRI as shown in Fig, lOB. 
It is, however, again indicated that strand breakage in 
G/AATTC sequence is repairable in E.Coli. In order to 
further substantiate this observation the plasmids were 
cleaved using EcoRI activity of EcoRI. It is known that 
under conditions of low ionic strength, high enzyme 
concentration and high pH, a reduction occurs in the 
specificity of the hexanuc1eotide recognition sequence of 
EcoRI to the tetranuc1eotide sequence N/AATTN (44). Thus, 
the EcoRI recognition sequence contains exclusively AT base 
pairs. Cleavage is seen (Fig. IOC) in all cases of isolated 
plasmids indicating that AATT tetranuc1eotide sequence which 
is acted upon by furfural is not altered by repair 
mechan i sms. 
Fig, lOA Agarose gel electrophoresis of the plasmids 
isolated from E.coli HBlOl cells transformed by 
PBR322 treated with 0.1 mM furfural. 
Treatment of DNA and transformation is described 
previously. Plasmid DNA was isolated from five of 
the transformants in minipreps and run on 1.4% 
agarose gel alongwith phage lambda-Pst 1 digest 
(lane 1), untreated pBR322 (lane 2). Lanes 3, 4, 
5, 6 and 7 are the isolated plasmids. 
Fig. lOB EcoRl digestion of the plasmids isolated from the 
transformants. 
Plasmids isolated from the transformants were 
digested with EcoRI. Lane 1, untreated pBR322; 
lane 2, pBR322-EcoRl digest. Lanes 3, 4, 5, 6 and 
7 are cleavage patterns of isolated plasmids with 
EcoRI. 
Fig. IOC Cleavage pattern of the iso 1 atedplasmids using 
EcoR1 actiV i ty. 
Lanes 1 and 2 are the EcoRI digests of phage 
lambda DNA and pBR322 DNA respectively. Lanes 3, 
4, 5, 6 and 7 are the cleavage patterns of the 
isolated plasmids using EcoRI activity. 
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3. Inactivation of Bactor iophago Lambda by "^ i^rfural and 
MethyI furfural : 
We have tested the genotoxic action of furfural and 
Methy1 furfura1 directly by using bacteriophage inactivation. 
The inactivation of bacteriophage lambda by the two furans 
is shown in Fig. 11. The rate of inactivation with 
increasing furan concentration follows a pattern similar to 
the loss of transformation capacity of plasmid DNA. At 
relatively lower concentrations the inactivation is quite 
low but shows a dramatic increase at concentrations greater 
than 5 raM. However, as in the case of plasmid DNA, the 
degree of inactivation with methyI furfura1 is slightly 
larger than with furfural. 
Table 1 shows the sensitivity of lambda phage to 
furfural and the effect of UV irradiation on the host cells. 
There was no evidence that UV treatment of the host bacteria 
could enhance the recovery of the phage indicating that the 
UV inducible pathway is not involved in repair of furfural 
damaged DNA. In order to determine the repair pathway 
involved certain repair defective mutants such as uvrA, recA 
and po1A mutants of E.Co 1i were used as hosts. The results 
given in Table 11 show that the reduction in pfu with 
respect to the wild type occurs in the case of all mutants 
upto various degrees. However, the greatest reduction is 
seen in the case of po1A mutant. The results indicate that 
whereas the repair polymerase is predominantly involved in 
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Fig. 11 Inactivation of phage lambda by incubation with 
varying concentrations of furfural ( • ) and 
methyl furfural ( o ) in TE buffer for 2 h at ST^C. 
Host used for plaque assay was E.co1i strain 
AB1157. 
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Table-I: Sensitivity of bacteriophage lanbda to furfural (lO BH) 
and the effects of UV irradiation on the host cells. 
Phage Host strain Host Pre-
treatment 
Phage Pre-
treatment 
PFU/ml Survival 
1ambda 
1ambda 
1ambda 
1ambda 
AB1157 
AB1157 
AB1157 
AB1157 
None 
None 
UV 
UV 
Cont ro1 
Furfural 
Cont ro1 
Furfural 
3.88x10 
1.84x10 
1.63x10 
2,30x10 
8 1.0 
0, 47 
1.0 
0. 14 
All control incubations included 10% ethanol (used to dissolve 
furfural) 
The value of 'Survival" was calculated by dividing values in 
presence of furfural by control values. Incubation was done for 
2 h, followed by dilutions and plating. 
Tablo-ll: Effects of furfural on tho Viability of Phage 
laabda. 
Host Furfural 
(mM) 
pfu/ml 
Furfural Control Reduct ion 
W iId-type 
(AB1157) 
uv r A6 
(AB1886) 
recA13 
(AB2463) 
polAl 
(KL403F ) 
10.0 
10,0 
10.0 
10.0 
1.59x10® 3.48x10® 
8.9x10^ 1,98x10® 
7.3x10^ 2.52x10® 
1.8x10^ 1.24x10® 
2. 18 
22.24 
34.5 
68. 8 
The value of "reduction" was calculated by dividing the 
control values by the values in presence of furfural. In all 
cases incubation was for 2 h, followed by dilution and 
plating. 
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furfural induced lesions in DNA, the corregendase complex 
(e.g. uvrA) or the SOS system (e.g. recA) may also have a 
role. 
Reversion of Aaes Tester Strains TAIOO and TA102 by 
Furfural : 
The salmonella mutagenicity test of Ames (39) is 
extensively used to evaluate a variety of substances in the 
environment for mutagenic activity. The test measures back 
mutation in histidine requiring mutants of salmonella. There 
are a number of strains available that have been specially 
constructed for the Ames test. Ue have used two of these 
strains, one with GC base pairs at the critical site for 
reversion (TAIOO) and the other with AT base pairs at the 
site of mutation (TA102), to determine the frequency of 
reversion to the wild type by furfural. The strain TAIOO 
contains -C-C-C- as a base pair substitution at the critical 
site and the strain TA102 contains AT base pairs, at the 
site of mutation on a multicopy plasmid (45). As furfural 
primarily reacts with consecutive, AT base pairs the 
frequency of reversion of TA102 should be greater than that 
of TAIOO. The results given in Fig. 12 show that this is 
indeed the case. 
45 
Fig. 12 Reversion of TAIOO ( o ) and TA102 ( • ) by 
furfural. 0.3 nil of the tester strains in 0.5 ml 
of 0.2 M PO4 buffer were incubated for 30 min. at 
37°C with different concentrations of furfural. 
Plating was done by adding 3 ml of top agar 
followed by incubation at 37°C for 48-72 h. The 
numbers of spontaneous revertants per plate were 
subtracted. Each point was the average of two 
piates. 
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DISCUSSION 
Th© foregoing experiments demonstrate that double 
stranded plasmid DNA that has been non-enzymatica11y 
modified by furans in vitro undergoes rearrangements in a 
prokaryotic host. This is possibly occurs through DNA 
insertion and deletions in the mutant plasmids. The 
mechanism remains unknown but is presumably caused by single 
or multiple deletions, insertions or duplications depending 
on the concentration of the furan used. The DNA 
rearrangements that are observed are not characteristic of 
simple nucleotide adducts and may be the consequence of 
extensive damage such as interstrand cross linkage. One of 
the most surprising observations is the fact that no mutants 
that were Amp Tet or Amp Tet were obtained even on 
screening several thousand transformants, Possibly this 
result is supportive of the fact that the rate of the loss 
of both Amp and Tet resistance on furfural treatment follows 
a very similar pattern (Fig. 2 8< 3). 
In earlier in vitro work (41) we reported that possibly 
the reaction of furfural with consecutive AT bp is made 
possible due to their partial single stranded character. 
Presumably G-C sequence may also react when present in 
single stranded form. Presence of high ionic strength should 
stabilize partial single stranded regions in DNA and reduce 
the extent of reaction with furfural. Conversely the extent 
of reaction should be enhanced at higher temperatures. The 
results of Fig. 6 and 7 where the transformation capacity of 
47 
furfural treated DNA is reduced or increased under higher 
temperature or higher ion strength respectively is in 
support of the ni vitro findings. Finally the results 
establish that the strand scission induce by furfural in AT 
sequences accounts for the biological activity of furans as 
assayed by bacteriophage inactivat ion. 
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